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A method for adaptively duplexing transmissions in a communication link using a 
time division duplexing scheme wherein transmissions are communicated in an uplink direction 
during uplink time slots and wherein transmissions pe communicated in a downlink direction 
during downlink time slots, comprising the steps of: 

(a) determining an uplink bandwidth requirement and a downlink bandwidth 
requirement of the communication link, Xvherein the uplink and downlink bandwidth 
requirements are determined using as/ociated and respective uplink and downlink 
bandwidth utilization parameters; 

(b) calculating an uplink/downlink bandwidth requirement ratio based upon 
the uplink and downlink bandwidth/requirements of the link; 

(c) allocating uplink and downlink time slots in response to the calculated 
uplink/downlink bandwidth ratio/and 

(d) periodically enab/ing uplink transmissions during the allocated uplink time 
slots and downlink transmissions during the allocated downlink time slots. 

25. The method of Claim 24\ wherein the uplink and downlink bandwidth 
requirements are initially determined when thAlink is installed in the communication system. 

26. The method of Claim 24, wherein the uplink and downlink bandwidth 
requirements are determined by periodically monitoring the bandwidth utilization parameters for 
uplink and downlink transmissions in the communication link. 

27. The method of Claim 24, wherW the uplink and downlink bandwidth 
requirements are determined by periodically monitoring requests for uplink and downlink 
transmissions in the communication link. 

28. The method of Claim 24, wherein the bandwidth requirements are periodically 
determined and the associated uplink/downlink bandwidth requirement ratio for the link is 
periodically updated, and wherein the uplink and downlmk time slot allocations are updated 
periodically in response to the updated uplink/downlink banawidth ratio. 

29. The method of Claim 28, wherein the Wink and downlink bandwidth 
requirements are periodically determined by continuously monitoring the transmissions in the 
communication link. 
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30. The method of Claim 124, wherein the uplink and downlink bandwidth 
requirements vary depending upon the typa of service provided over the communication link. 

31. The method of Claim 24, wherein the uplink and downlink bandwidth 
requirements vary depending upon the type of user of the communication link. 

32. The method of Claim 24, whqrein the communication link comprises a wireless 
communication link. 

33. The method of Claim 24, whWein the uplink and downlink time slots are 
dynamically allocated using a frame-based time ilot allocation approach. 

34. The method of Claim 33, whereiA a frame comprises N time slots, and wherein 
the frame-based time slot allocation approach comprises allocating a first number Nj time slots 
(where N is greater than or equal to Nj) for downlink transmissions only, and allocating the 
remaining N 2 time slots for uplink transmissions onlv (where N 2 equals N-Nj). 

35. The method of Claim 33, wherein a frame comprises N time slots, and wherein 
the frame-based time slot allocation approach comprises allocating a first number Nj time slots 
(where N is greater than or equal to Nf) for downlink transmissions only, and allocating the 
remaining N 2 time slots for both uplink and downlink transmissions (where N 2 equals N-Nj). 

36. The method of Claim 33, wherein a frame comprises N time slots, and wherein 
the frame-based time slot allocation approach comprises allocating a first number Nj time slots 
(where N is greater than or equal to Nj) for uplink transmissions only, and allocating the 
remaining N 2 time slots for downlink transmissions only (where N 2 equals N-Nj). 

37. The method of Claim 33, wherein a frame comprises N time slots, and wherein 
the frame-based time slot allocation approach comprises allocating a first number Nj time slots 
(where N is greater than or equal to Ni) for uplink transmissions only, and allocating the 
remaining N 2 time slots for both uplink or downlink transmissions (where N 2 equals N-Nj). 

38. The method of Claim 24, wherein the uplink and downlink bandwidth 
requirements are determined using a plurality of associated uplink and downlink statistical 
bandwidth parameters. 
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39. The method of Claim 38, wherein the statistical bandwidth parameters comprise 
both an initial and actual set of statistical parameters reflective of the bandwidth requirements of 
the communication link. 

40. The method of Claim $9, wherein the initial set of statistical parameters are set 
when the communication link is installed, and wherein the actual set of statistical parameters are 
periodically updated as the uplink and downlink bandwidth utilization of the communication link 
varies. 

41. The method of Claim 40, wherein the initial set of statistical parameters are based 
upon an estimate of the number of users and the type of user of the communication link. 

42ff An apparatus for adaptively duplexing transmissions in a communication link of a 
wireless communication system using a time division duplexing scheme wherein transmissions 
are communicated in an uplink direction during uplink time /lots and wherein transmissions are 
communicated in a downlink direction during downlink time slots, comprising: 

(a) means for determining an uplink bandwidth requirement and a downlink 
bandwidth requirement of the communication/link, wherein the uplink and downlink 
bandwidth requirements are determined u^lng associated and respective uplink and 
downlink bandwidth utilization parameters: 

(b) means, responsive to the determining means, for calculating an 
uplink/downlink bandwidth requirement ratio based upon the uplink and downlink 
bandwidth requirements of the link; 

(c) means, responsive \<f> the calculating means, for allocating uplink and 
downlink time slots; and 

(d) means for periodically enabling uplink transmissions during the allocated 
uplink time slots and downlink/transmissions during the allocated downlink time slots. 
43. The appanrtus of Claim 42, wherein the uplink and downlink bandwidth 

requirements are determinea\by periodically monitoring the bandwidth utilization parameters for 
uplink and downlink transmissions in the communication link. 
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44. The apparatus of\ Claim 42, wherein the uplink and downlink bandwidth 
requirements are determined by periodically monitoring requests for uplink and downlink 
transmissions in the communication uink. 

45. The apparatus of Claftn 42, wherein the determining, calculating and allocating 
means comprise a computer program executing on a programmable processor. 

46. The apparatus of ClaimV45, wherein the programmable processor is in a cluster 
controller, and wherein the cluster controller controls a plurality of base stations in the wireless 
communication system, and wherein onV selected base station controls transmissions in the 
communication link. 

47. The apparatus of Claim 46, wherein the communication link comprises a wireless 
communication between the selected base station and a CPE. 

4/ A method for duplexing transmissions in a communication link using a time 
division duplexing scheme wherein transmissions are communicated in an uplink direction 
during uplink time slots and wherein transmissions are communicated in a downlink direction 
during downlink time slots, comprising the steps of: 

(a) determining uplink and downing bandwidth requirements in accordance 
with associated and respective quality oil service parameters to establishing an 
uplink/downlink bandwidth requirement ratio; 

(b) allocating uplink and downlink time slots in response to the 
uplink/downlink bandwidth ratio; and 

(c) periodically enabling uplink transmissions during the allocated uplink time 
slots and downlink transmissions duringfthe allocated downlink time slots. 

49. The method of ClainA 46, wherein the uplink and downlink bandwidth 
requirements are determined when the link is installed in the communication system. 

50. The method of Claim 46, wherein the uplink and downlink bandwidth 
requirements vary depending upon the type oV service provided over the communication link. 

51. The method of Claim 46, Wherein the uplink and downlink bandwidth 
requirements vary depending upon the type of uster of the communication link. 
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y{. A method for forming a communication link between a base station and at least 
one customer premises equipment (CPE) using an adaptive time division duplexing scheme 
wherein transmissions are communicated in fixed-length frames of information, each fixed- 
length frame of information include^ an uplink subframe and a downlink subframe, the method 
comprising: 

receiving bandwidth requests at the base station for bandwidth on the uplink 
subframe; 

apportioning the fixed-leiijeth frame between the uplink subframe and the 
downlink subframe in accordance with the ba ndwid th requests; and 

notifying the at least one CPJ^fsto how the fixbd-length frame was apportioned. 

53. The method of Claig/52, wherein analyzing \ the requests is performed to 
maximize the usable bandwidth of the fixedVlength frame. 

54. The method of Claim 52, whetein analyzing the/equests includes determining the 
uplink subframe bandwidth for a previous 

55. The method of Claim 52, wherein analyzing the requests includes determining the 
downlink subframe bandwidth for a previous fixed-lengkh frame. 

56. The method of Claim 52, wherein analyzing the requests includes determining the 
potential bandwidth requirements of at least one of the requests from the at least one CPE. 

57. The method of Claim 52, wherein selectingYportions of the fixed-length frame 
includes periodically monitoring requests for uplink and\ downlink transmissions in the 
communication link. 

58. The method of Claim 52, wherein the uplink subframe and downlink subframe 
bandwidth requirements vary depending upon the type of\service provided over the 
communication link. 

59. The method of Claim 52, wherein the uplink subframe Wd the downlink subframe 
bandwidth requirements vary depending upon the type of user of the communication link. 

60. The method of Claim 52, wherein the communication li\k comprises a wireless 
communication link. 
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61 . The method of Claim fc2, wherein the uplink subframe and the downlink subframe 
bandwidth requirements are determined when the communication link is installed in the 
communication system. 

62. A method for communi<kting between a base station and at least one CPE using 
an ad^tive time division duplexing schame wherein transmissions are communicated in frames 
of data and wherein each frame of data includes an uplink frame and a downlink frame, the 
method comprising: 

receiving bandwidth requests^ the base station; 

processing the bandwidth requests>4ttrtne upllnkAame and the downlink frame; 

selecting portions of the ^Jr3md of data for the uplmjc frame and the downlink 
frame in accordance with the^frocessing^ 

transmitting data between tMj balje station 
frame of data. 

bandwidthTrequests include requests for the 



least one CPE using the 



portions of the frame of data is 



63. The method of Claim 62, < 
uplink frame. 

64. The method of Claim 63, wherein processing the bandwidth requests includes 
summing the bandwidth requests for the uplink frame. 

65. The method of Claim 62, wherein the bandwidth requests include requests for the 
downlink frame. 

66. The method of Claim 62, wherein selei 
performed to maximize the usable bandwidth of the frame V)f data. 

67. The method of Claim 62, wherein selecting portions of the frame of data includes 
determining the uplink frame bandwidth for a previous frama of data. 

68. The method of Claim 62, wherein selecting portions of the frame of data includes 
determining the downlink frame bandwidth for a previous fran\e of data. 

69. The method of Claim 62, wherein selecting portions of the frame of data includes 
determining the potential bandwidth requirements of at least one\of the requests from the at least 
one CPE. 
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V 70. A method for monitoring and updating /6plink and downlink bandwidth 
requirements in a wireless communication system includy^g a base station and at least one CPE, 
the method comprising: 

initializing the base station with an initial set of bandwidth utilization parameters, 
including a first estimate of the uplink anjr downlink bandwidth requirements of at least 
one CPE; 

monitoring bandwidth use by tj^e at least one CPE and the base station; and 
updating the initial set of bandwidth utilization parameters with an actual set of 
bandwidth utilization parameters tj&sed on the monitoring. 

71. The method of Claim 70, wherein updating the initial set of bandwidth utilization 
parameters includes ofetermining a second estimate of the uplink and downlink bandwidth 
requirements of the at least one CPE. 

72. A method Ox communicating between a base station and at least one CPE using a 
series ^of uplink and downlmk frames of information in an adaptive time division duplexing 
scheme, the method comprising 

receiving a requW for bandwidth of a subsequent uplink frame and of a 
subsequent downlink framk from at least one CPE, wherein the duration of the downlink 
frame request exceeds the uplink frame request; 

extending the subsequent downlink frame and reducing the subsequent uplink 
frame by a similar portion of time, such that the total duration of the subsequent uplink 
and downlink frames is unchangedp&nd 

notifying the at least one CPE^as to the durations of the extended downlink frame 
and of the shortened uplink frame. 

7^ A method for adaptively duplexing transmissions in a communication link using a 
time division duplexing scheme wherein transmissions/are communicated in an uplink direction 
during uplink time slots and wherein transmissionsyare communicated in a downlink direction 
during downlink time slots, the method comprising 

determining an initial uplink bandwidth requirement and an initial downlink 
bandwidth requirement of the communication link; 
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calculating an initial uplink/downlink bandwidth requirement ratio based upon the 
initial uplink and initial downlink bandwidth requirements of the link; 

allocating initial uplink and downlink time slots in response to the calculated 
initial uplink/downlink bandwidth ratio; 

transmitting information during the initial uplink and downlink time slots; 

determining an actual uplink bandwidth requirement and an actual downlink 
bandwidth requirement based on the transmission during the initial uplink and downlink 
time slots; 

calculating an actual uplink/downlink bandwidth requirement ratio based upon the 
actual uplink and actual downlink bandwidth requirements of the link; 

allocating actual uplink and downlink time slots in response to the calculated 
actual uplink/downlink bandwidth ratio; and y 

transmitting information during the actual uplink and downlink time slots. 

74. A wireless communication systenv for transmitting frames of data wherein each 
frame h of data includes an uplink subframe portion and a downlink subframe portion using 
adaptive time division duplexing, the system comprising: 

at least one CPE configured to demodulate the downlink subframe portion and 
modulate the uplink subframe portion; and 

a base station configured to demodulate the uplink subframe portion and modulate 
the downlink subframe portion, wherein the lengths of the uplink and downlink subframe 
portions are based on the uplink/bandwidth requirement of the at least one CPE and the 
downlink bandwidth requirement of the base station. 

75. The system of Clahn 74, wherein the uplink bandwidth requirement is based on a 
previous uplink bandwidth requiremento£the at least one CPE. 

76. The system of Claim whereih. the uplink bandwidth requirement is based on a 
selected quality of service for tne &t leasV one CI 

77. The system of Clainj 74, wherein the uplink bandwidth requirement is based on 
current bandwidth requests from thelEfleastWe CPE. 
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ik. A method for monitoring and updating uplink and downlink bandwidth 
requirements for a communication link using a time division duplexing scheme wherein 
transmissions are communicated iA an uplink direction during uplink time slots and wherein 
transmissions are communicated in auownlink direction during downlink time slots, comprising: 

(a) determining an ihitial set of bandwidth utilization parameters, wherein the 
initial bandwidth utilization parameters comprise an estimate of the uplink and downlink 
bandwidth requirements; and 

(b) updating the initial ^et of bandwidth utilization parameters with an actual 
set of bandwidth utilization parameters reflective of an actual bandwidth utilization of the 
uplink and downlink time slots, wh\rein the actual set of bandwidth parameters are 
calculated as follows: 



D 



(M) 



= a 



M 



M \ 



wherein a M <1, M>1 



D 



0) 



n+l 



D 



(1) 



+ (!-«,) 



(u n -u<\) 

and wherein a x <1, M = l; 



and wherein U^n, D (M) n comprise \uplink and downlink filtered moments, 
respectively, of order M at an instant n, and wherein U n , D n respectively comprise an 
uplink and downlink accumulated bandwidth ^requirement influenced by the actual 
bandwidth utilization. 

79. The method of Claim 78, wherein the\initial set of bandwidth utilization 
parameters is periodically updated with the actual set of bandwidth parameters calculated in step 
(b). 

80. The method of Claim 78, further comprising kionitoring rejected transmissions, 
wherein the following parameters are updated when transmissions are rejected: 



(tH 



u 



su 



wherein^, <l\ 



and wherein U' n , D' n comprise a moving average \f the uplink and downlink 
bandwidth requirements of rejected sessions. 
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81. The method of Clafim 78, further comprising monitoring rejected transmissions, 
wherein the following parameters arfi updated when transmissions are not rejected: 



/l+l / 



•r r- 



r\< i; 



and wherein U' n , D f n comprise a moving average of the uplink and downlink 
bandwidth requirements of rejected\sessions. 

82. A method for monitoring\ and updating uplink and downlink bandwidth 
requirements for transmissions across a communication link in a wireless communication system, 
wherein the transmissions occur during frames comprising N time slots wherein Ni, N 2 , ... N M 

M \ 

are positive integers, and wherein ^N k = N , comprising: 

k=l 

(a) summing all of the uplink\bandwidth requirements as follows: for each 



integer value of k between 1 and M, S u (k) =V VU^ ; 

(b) summing all of the downlink fyandwidth requirements as follows: for each 



integer value of k between 1 and M, S d (k) = ^VD (k) ; 

(c) calculating an estimated bandwidth allocation scheme as follows: 



N d =INT 



M 



N k S, 



(k) 



(d) comparing the estimated bandwidth\allocation scheme calculated in step 
(c) with the allocation scheme currently used, wherein the allocation scheme currently 
used is defined as Nd, N u ; and 

(e) replacing N d and N u with the estimated bandwidth allocation scheme 

calculated in step (c) if N d - N d \ > ju , wherein ju comprises a pre-determined threshold. 

83. The method of Claim 82, further comprising monitoring rejected transmissions. 

84. The method of Claim 83, wherein monitoring transmissions comprises: 



(*) 



N u =N-N d ; 
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summing all of the injected uplink bandwidth requirements as follows: 

summing all of the rejected downlink bandwidth requirements as follows: 
S d '=£D';and 

calculating an expected allocation scheme as follows: 





1 


a u 




S' d +S' u 





85. The method of Claim 84, further comprising updating the bandwidth allocation 
scheme when the number of rejected transmissions exceeds a predetermined threshold. 

86. The method of Claim 85, wherei\i the bandwidth allocation scheme is updated in 
accordance with the following: 

(a) determining if Max(S u \S}()> S oi wherein S 0 is a constant, if so then 

proceeding to step (b); 

(b) determining if N d -N d |>f\, wherein }i is a constant, if so then 

proceeding to step (c); 

(c) determining if N d > N d and 1^ < N - 5 , wherein 5 is a constant, if so 

then updating the downlink allocation N d as follows: N d <- N d + 5 ; 

(d) determining if N d <N d and N d \>5, if so then updating the downlink 
allocation Nd as follows: N d <— N d -8 ; 

(e) updating the uplink allocation N u Whenever the downlink allocation is 
updated in either steps (c) or (d) as follows: N u <- n$ - N u ; and 

(f) updating the bandwidth allocation parameters whenever the values of N d 
and N u are updated. 

87. The method of Claim 86, further comprising aferting the wireless communication 
system if Max(S u \S d ') > T , wherein Tis a predetermined threshold value. 

A method for adaptively duplexing transmissions between a base station and at 
least one CPE using a series of uplink and downlink frames of information in an adaptive time 
division duplexing scheme, wherein transmissions are communicated in an uplink direction 
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during uplink time slots and wherein transmissions are communicated in a downlink direction 
during downlink time slots, comprising: 

selecting a first service type for an uplinl^transmission; 

selecting a second service type for a downlink transmission; 

determining an uplink bandwidth requ/rement that is associated with the selected 
first service type; 

determining a downlink bandwid)fe requirement that is associated with the 
selected second service type; 

calculating an uplink/downlink/bandwidth requirement ratio based upon the 
uplink and downlink bandwidth requirements; 

allocating uplink and dowiilink time slots in response to the calculated 
uplink/downlink bandwidth ratio; and 

periodically enabling uplink transmissions during the allocated uplink time slots 
and downlink transmissions during the allocated downlink time slots. 
^ 89. The method oY Claim 88, wherein the first service type is sensitive to transmission 

delays and the second service type is insensitive to transmission delays. 

90. The method oV Claim 88, further comprising comparing sensitivities to a 
transmission delay for the first service type and the second service type. 

91. The method of Claim 90, further comprising shifting the uplink/downlink 
bandwidth requirement ratio to reduce the transmission delay of the first service type at the 
expense of increasing the transmission delay of the second service type. 

9e. A method for adaptively duplexing transmissions in a communication link using a 
( time division duplexing scheme wherein transmissions are communicated in an uplink direction 
during uplink time slots and wherein transmissions are communicated in a downlink direction 
during downlink time slots, the method comprising: 

selecting a quality of service associated with the communication link; 
determining an initial nplink bandwidth requirement and an initial downlink 
bandwidth requirement of tfyb communication link based on the selected quality of 



service; 
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calculating an initial uplink/downlink bandwidth requirement ratio based upon the 
initial uplink and initial downlink bandwidth requirements of the link; 

allocating initial uplink and downlink tiipe slots in response to the calculated 
initial uplink/downlink bandwidth ratio; 

transmitting information during the initial uplink and downlink time slots; 

determining an actual uplink bandwidth requirement and an actual downlink 
bandwidth requirement based on actual baiylwidth utilization during the initial uplink and 
downlink time slots; 

calculating an actual uplink/downlink bandwidth requirement ratio based upon the 
actual uplink and actual downlink baimwidth requirements of the link; 

allocating actual uplink ana downlink time slots in response to the calculated 
actual uplink/downlink bandwidth /atio; and 

transmitting information during the actual uplink and downlink time slots. 

93. The method of Claim 92, wherein the initial uplink bandwidth requirement and 
the initial downlink bandwidt\ requirement split the uplink time slots and the downlink time 
slots into equal portions. 

94. The method of Cl^iim 92, wherein the initial uplink bandwidth requirement and 
the initial downlink bandwidth requirement split the uplink time slots and the downlink time 
slots into unequal portions. 

95. The method of Claim 94, further comprising calculating the actual 
uplink/downlink bandwidth requirementVatio based on the selected quality of service. 

96. The method of Claim 92, ^herein the selected quality of service is based on type 
of service and data latency requirements. 
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